A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained In
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
heing made available to expedite
the availability of information on the
research discussed herein.

1



LA-UR -80-1414
LA-UR--89-1438

DEE9 012599

Sy A TN T T AT Ta vy S apet'eg Dy ire Lnversidy of Cautorn.a for the Unilea States Deoartmaent ot Energy unaer contract W 7405 ENG 18
-y ————— vr—
Tt NEAR=-OPTIMUM PROCEDURE FOR HALF-LIFE MEASUREMENT BY
HIGH=-RESOLUTLION GAMMA-RAY SPECTRUOMETRY
aLTwizR 5 I, L. Parker

A S ICRM svmposiur, Brautschwelyg, Federal Republic ol Germany

ine h=-d, 1udYy
tFull Paper)

DISCLAIMER

I hy. et ay prepiarndd v g g oot 0 oAb ‘|-|||\-||r|| by an wpen. .t the U omytedf stgqles
Pracss et Ned st Donesd vt fncenmient ot ane agenoy hcrra s ane b rhes
LA RLARRY N A ENT T PLAEN BN S LT LN - ||‘ll'\'. -

suphed s ans e e bty ety

ey srpelety e coaatylne - oy gl e gteen gppat g prata 1
' ot e [T roas et b s canene ane ght HWates
1 ' |- | A L oy IR U THTREE T TETINTS ¥
S g e Mera.u 1 L O L I PR LR [E S BT S BT TT N TR R T [ 1}
Vo e Ve gy | o ' ' f it T L -
KRS ’ ot [} e ‘he
et i
0 - L - ’ a . « (] Ll LIRY J t o - -
- L] - ALl
- . v o- » 1n LI YU 1N [ - [ 1.,
- —_—— — e ——— e e e — - e

~ =y ] al
HNED A 9D @% Los Alamos National Laboratory
L__'__)\~) o2 [ (Q\Jm T2 Los Alamos.New Mexico 87545

MACTED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


NEAR-OPTIMUM PROCEDURE FOR HALF-LIFE MEASUREMENT BY
HIGH-RESOLUTION GAMMA-RAY SPECTROMETRY

J L. PARKER

Los Alamos Nadonal Laboratory, Los Alamos, New Mexico 87545, USA

A near-optimum procedure for using high-resolution y-ray spectrometry (o measure the
half-lives of appropnate y-ray-emitting-nuclides is presented. Among the important points of the
procedure are the employment of the reference source method for implicit correction of pileup
and deadtme losses; the use of full-energy peak-area ratios as the fundamental measured
quantities; and continuous, high-rate data acquisizon to obtain good results in a fraction of a halt-
life if desired. Equations are given for estimating the precision of the computed halt-lives in
terms of total measurement time, number of spectral acquisitions, and the precision of peak-arca
ratios. Results of 169Yb half-life measurements are given as an example of the procedure’s
applicanon.

1. [Introduction

High-resolution y-ray spectrometry with germanium detectors is now trequentls used to
retine previously measured half-life values for appropnate y-ray-emutting nuchdes. [tappears
from recently published work that some of the power and advantages of automated high-
resolution systems are often neglected i1n halt-hte measurements. Theretore. 1t s¢ems usetul to
ofter a few suggestions to efficiently use high-resolution y-ray spectrometry for such
me:surements. The suggesuons, taken together, constitute what is thought to be a aear optimum
pracedure; most of them have heen used before 1n some form but seem not to have been used
together as an integrated procedure. They are narticularly useful for obtaiming reasonably precise
and unbiased half-life values in a fraction of a half hfe but should also be helptl in improving
hoth the accuracy and precision of measured hall'-hife values in general.

2. Advantages and Use of the Reference Source Method

Datg acyuisition with high-resolution gennamum detectors sutters rather Large losses irom
deadtimie and pileup  The accurate correction ot those Josses has long been a veung problem in
the appucation of high-resolution -ray spectrometsy .o quantitaus e problems, especially athigh
nput rates. However, the reterence source method seems to ofter ads antages over any cuttenth
used electronmic or computational methad

By retercnoe source we mean 4 7 ray source geometneally tised swath respedt to the

detector, to the source being measured, or both, and used o make cotrections either implicit o



exphicit-for deadtime and pileup. The reference source method (as well as most, it not all,
electronic methods) is based upon the assumption that all the full-energy peaks in a high-
resolution y-ray spectrum sufter the same fraction of loss because of the combined electronic
etfects of pileup and deadtime. By observing approprate precautions, the loss fracuon can
indeed be made very nearly equal for all peaks, especially over narrow energy ranges. Thus, the
ratios of net full-energy peak areas (assuming tractional losses constant throughout the countng
interval) are independent of deadtime and pileup losses, as well as of count umes. Ratios of peak
areas from the measured nuclide ard the reference source become the measured quantities, rather
than absolute counting rates. If a system is properly set up, one does not have to calculate
explicit corrections for deadume and pileup.

Of the precautions observed to equahize the loss frac.ions to the two spectral peaks of the
measured ranos, the most obvious is to use y-ray pairs with small energy ditterences, thereby
munimizing any small problems relatung 10 the vanation of peak width with energy or to the
“magnitude” of pileup as a function of energy. Addinonally, the electronics can usually be
adjusted 10 mimimize the vanation of peak width wath both energy and count rate. Shorter tme
vonstants—which reduce the fraction of loss that must be corrected—and high base-hine restorer
setiings often help to minimize those vanauons. Pileup rejection (PUR) also helps presene peak
width and shape, especially when high rates are employed, and need not. as 15 semetimes teared,
actually cause vanauons n the fractions of loss.

Other precautions involve the accumulated pulse-height specirum. Peaks that have adequate
ratios of net area to the Compion continuum darea beneath the peak (210-1 1t possible) should be
employed tor the measured retios to minimize etfects of any curvature ot the Compton continuum
in the peaks regions. Finally, «nd impontantly, peaks should be avoided in regions where the
Compton continuum has sigmficant cursature, Compton edges, or random sum peaks

For half-life measurements, the reterence source will usually be soatially tixed relatinve to
the source of the measured nuchide, either by actually mixing the two source matenals or by
firmly fasterang two small, discrete sources as close together as possible  The position of the
vombined source will ordinanly be fixed relative to the detector as well, howeser, it there are
small vanations 1n the source-detector disiance, 1/rd ettects on the reiative counting rates wi e
essenttally ehminated by the use of the combined source, and the magnitude of the measaired
ratios will be unchanged. Additionally, the combined source should preterably have watty e
ntensity to et adequate counting rates when placed > 10 tmes the detector dmieter trons the
detector - Any residual 1784 etfects, either trom changing count rites or trom hanginyg
probabilities ot cascade summing, are thereby mumim, red

If the loganthms ot the measured ratios are plotted agunst the measurement nmes ard ate

titted by standard methods to a stright Iine. the slope of the ine moand the decay ottty o e
nuchde of uncertam halt hte and the reterence source | Ay and Ay - are related by



Py =M+ Ap
The halt-life T 18, of course, obtained trom T, =1n 2/,

The error caused 1n Ay by the error in A; 1s given by

d AyAy) = (AdAyid Aghy) Y

Obviously, 1t is desirable for the half life of the reference source to be greater than that of
the measured nuclide so that the factor (A/A,) will be less than one. Usually reference sousces

¢an be found for which the estimated error in A 15 s0 small that, when multiphed by this factor,
the influence on A 1s neghgible.

Y. Half.life Precision and Total Measurement Time

Automated muitichannel-analyzer vwatems make possible almost continuous data
avquisiton, and it 1tis done at high throughputs amplying high input rates). 1t 1s possible 1o
ubtnn quite precise values for halt-hife measurements in only a fraction of a half-hfe “There are
even some advantages in shorter measarements. the probability of equipment fulure dunng
measurement 1s mininmized, and equipment utihzstion 1s maximized. Problems caused by
~hanging count rates, equipment instabihities. or dnfting detector etficiencies are munimized

We will consider the precivion ot a halt-life value hased on only two measured ratios and
then based on many measured ratios  But tizst, a remark on precision and its notation s
required - We shall refer to the relative standard deviauon (RSD) ot the measured ratios as
predicted from the information extracted from a single high-resolution spectrum and also to the
predicted RSD of quantities calculated from those measured ratios and predicted RS thereot
We adopt the Roman letter u to represent the predipted RSD- this 1y an contrast to the sunple
RSDY generally called the coetficient ot vanamce -usually denoted by the Romuan letter v W
cimphdasize that when properly tomulated. the predicted RSDs are generally more o curate as
estunates of population parameters than sampie RSDs computed trom relativels small sampics
We note that the predic ted RSDs are based upon the assemption that the sams ot total coents .
spectral regions ot interest (ROIs) obey Porsson statisties This assumprion s not guite avie ot
swatems with sigmificant counting losses, but because any individual RO usaally contans only
sinal traction of the counts in the total spectrium. it s almost alwas s adedguate

With this potaton, the predicted RSD of the halt ite, uc'Th, based upon two measured
tatios Ry and R and their predicted RSDS alypand weR s s



whr =00 20 T AW udR) + u Ry (3)

where AU the intenval between the starts of the two ratio measurements  1FuR ) ~ utR

1Ry which is usaally possible, the expression becomes

AT = oIn 20T’ wRy )

wherev>/n 2 = 2.04.

We next consider the esumaied precision of half-life values computed trom many ratio
measurements, Assume n ratio measurements, let the n count times be equal, let them heyin at
equal 1ntervals, and let the total inter al between the beginning of the first and the beginming off
the last counts be At Assume also that the predicted RSDs of all the rauos are approximately

¢qual and indicated by u(R). It can then be shown that

W= eI 2 CAD {[on - Lin] « [nans - _l—nil wR %)

Forn = 2, EQ. 15) reduces to Eq. (d) as required. and we note that (2 y1/1n 2] = 4998 AN
hetore, utT) s proportional to T2M Now detine Fony = [{(n - i) v n/ns - 1] } . the
fanvtion of nthat shows the improvement in estimated precision as the number ot ratio
measuremonts ivncreased  Table 1 ves values of Fonoand Fon/Fe2) tor aselection of s alues
atn The values ot FinyFiiindicate the improvement of the precision of the n-point
measurements oner the 2 point medsurements  Note that the tunction Fov has the same s adue tor
mos 2and tor n= 3 showang that three equally spaed rotio measurements are no better than two
tor computing 4 halt life value, and note alsothattorn 231 Fmo ~ L.

It the counting 1s exsentally continuous then the length tof the n counting intenals i
oA U The estimated RSDy of the ratios ueRy e 1 properly calculated, proportional

.l

vyt born sl we then hind that

. o
acl oo .

Poosresuit indicates that tor a fived ol teme, ue i cdoes not depend apon the number ot soters

stocwhichthat tme s disided, and that tor anontised totad tme, uc s proportional o bt
SRR BN

Consider the rato measatesnent time U1 has been shown that it ta bonal counting? loaaes
are constant duning the intersal ot does notmatter what traction tis ot 1t obvious that ot

e antersal tis any sigmiticant Saction of Tothe counting losses will cestiundy not be st
Y NR [ )



Table 1
Values of the Precision Function Finy and Ratios Finy/F(2)
tor Difterent Values of n

n Fem Pl
2 0. 308300 1 00000

3 0. 4083(N) 100000

4 0387300 0.94900

5 0.365200 (). 89400

10 0. 2%86((X) 0. 701040

20 0212700 0.52100
2 0.203700 (.49900
100 O0.099((X) 0.24300
200 0.070360 017200
500 (2.043630 0. 10000
5938 0.040%820 ().099499

1 OO0 0.031590) 007740
10) (XX) 0.00v999 002450

comstant over the intenval. Computational studd, shows that the reference source method
produces halt-life results with small or neghigible error tor reasonable values ot't. For
t <001 T the error is less than 1 partin 100 for all ordinary conditions  Evenfort -~ 01T,
the ertor s rarely as great as 1 part in 103

It the hest possible precision of the measured halt life 1s 10 be obtained 10 a fixed ume, the
initial total input rate should give near maimum output into the stored spectra The throughput
curve can usually be expenmentally determined 1n 2 short tme for any data acquisitron system or,
1 some cases, can be estimated with wutficient accuracy. Inmany nwdern v-ray spectronietn
svstems, the analog-to-digital convernters tADC) are so tast that for ome amplitier time constant
settings, the consersion and storage are complete hetore the amphitier oatput has retumed to s
level low enough for the ADC to accept another event. In such circunntances, the ADCS do nog
vontribute to the counting losses at ali -pileup s the only loss inechanim-and the throughpat of
the castem s well approamated as an ideal paraly zable system with a fixed deadtume de For
sachasysiem, the stored rate. or throughput, stoas given i terms on the total rite roand Jdt by the

well hnown expression

\r._rcrl“ . (¥

where 1is the ume dependeni gross count rate trom the detector Fhis curve peaksatt oy
and has a hroad mavamum such that about Y0 ot mavamum throughpat is achiesed tor
rotadbde Ordinanly, the imtial input rate meght be adjusted to give about SO ot
i throughput, with any addional throughput obrnned at the pice ot considerably
hipher inpui rates with accompany ing degradation of bath peak width and shape Fxact e vadae.

will vany with the detils of the electromie acguisition system being used, but tor systers



emploving ordinary spectroscopy amphitiers with semi-Gaussian shaping and ADCs requinnyg
the ampitier output to drop below the input discnnumnator level o accept an event. dtis about

nine nmes the shaping-time constant selected.

4. Full-Energy Peak Areas, PUR, and Peak Stabilization

It is imporant to obtain correct esnmaies of the RSDs of the full-energy peak areas to
properly weight the area rauos in the least- wjuares titung procedures and to accurately predict the
RSD of the tinal half-life. If one must use y-ray peaks. which are pant of overlapping spectral
muluplets, then using sp--ctral unfolding codes 1s mandatory. Unfortunately. the precision
estrmates given by many such codes are not always very accurate, especially when the number ot
counts in the peaks is large (2103), but will usually suffice. When it is possible to use well-
resolved spectral peaks. ROl methods give peak-area values as accurate as any method, and the
precizion estimates are correct for any number ot peak counts. Expressions for both the net peak
areas and their predicted RSDs are given elsewhere [ 1] for one successful implementation ot the
ROI scheme.

Using PUR (o acquire spectral data 1s desirable because it improves hoth peak width and
-hape. thus making the extruction of tull .energy peak areas casier and more accurate.
Occasionaily concem i expressed about employing PUR while acquiring half-hife measurement
Jata because it s thought the PUR nught change the tull-energy storage tractions as a tunction o
energy There are two types of PUR 1in common use. only one of which should cause voncern.
[ the sater methad, an event 1s demed storage only when the electronie entera tor prled up
events are met an the less-sate methad, any stored event must meet the prescnbed clectromy
criterta tor agf being prled up. In PUR sy stemis ot the latter type. all accepted events must tnygger
£iow-threshold tast discnmunator In some such systems, 1t has been obsenved that the
disermunator thresiholds “roll oft™ at lower energies in such i way that the fraction of events
g erong the diseriminator 1s a function of energy and. even worse, of time (prohably hecause
on temperature or aging etfects). PUR schemes using that kind ot logic should be caretalls
wested betore use i apphications tor which long term stability and high precision are required

Digatal stabilizers are now available that can constriun the centrods of two selected speatral
nedhos tospedaded channels . With the positions of two peaks tixed. the centrowds of none ot the
spectral peahs should ever dntt by more than atenth ot g channe!. Such stabilization s
advantagenus tor long counting penads, especially when using tixed RO o obtun the peak

reas because the positions of the tull energy peaks must he tixed within the ROIS selecied

h



5. Example: The Half-Life of 169y b

The remeasurement of the 109Yb half-lite illustrates the use of the above suggestions, mosg
of which were formulated while nondestrucuve assav (NDA) systems were developed to
measure uranium and plutonium ruclides. Yuerbium- 169 is often used in the assav of 235U,
and, in JYR3, there ' cemed to be enough uncertunty in its halt hfe cwhich 1s required 1n the
long-term operation of the NDA systems) to justify a remeasurement. Fortuitously, 2330 was an
ideal reference source for measuring the half-life of 169Yb,

The two most intense y-rays of 169Ybare 177.2 keV and 198 0 keV. The [98.0-keV v-ray
suffers shight interference from some of the weaker y-rays of 235U, so the 177.2 keV y-ray was
used for the half-life measurement and the pnnciple y-ray of 235U (185.7 keV) was used as the
reterence. Both are clean, well-resolved peaks with an energy difference of only 8.5 keV. A
combined source was made by fastening a 189Yb source directly to the surface of a nickel-plated.
highly ennched uranium disk. At a distance of about 1S ¢m from the end cap of a 10% efticient
Getl.y v-ray detector, the combination »ource gave a gross rate of about 33 000 s L which gave
ahout YO% of the maximum throughput of the acquisition system. At the beginning of the
exercise, the rate of the 177.2-keV y-rays was about 20% greater than that of the 185 7-keV -
ST

A standard data acquisition system was used, which included a 100-MHz Witkinson-type
ADC and tao-point digital stabithzauon. Only 1 024 channel spectra were used in order o
mimmize deadtime iosses, which were sull signiticant with the relatuvely slow ADC employed.
Phe ampirtier was used with 1-ps tme consuints to minimze pileup losses, and the balt-in PUR
‘ol the sater type described above) was used.

ROI methods extracted the full-energy peak areas and computed their predicted RSDs - The
mudpoint elapsed time, the rato of the unknown to reference peak areas, and the predicted RSD
ot the ratio were stored for each count. The half-hite values were computed as descnbed above
uning standard weighted least squares methods [ 2],

Seven values of the half-hife were obtained from seven data sets. Acquisition wis o,
weekhends or hohidays when equipment was not otherwise 1n use. thereby reducing data
acquiniion periads to 35 days or less. The detals of the acquisiions and resulung values are
eivenin Table 2 As seen, the total acquisiuen nmes were all about one tenth of the 1°YYh
hait iite, with predicted TRSDs between 0,329 and 0447 The weghted and unwerehted
aerages of the seven measured values agree to better than 1 partain 3 000, and the sample and
predicted RSDs of the averages agree to two signiticant figures  Fhe agreement ot the values
while gratityving, s fortuitous because an RSD value based on a sample of seven values must
el have an estimated RSD ot =307 The reduced chr square stanstie s alues and examination

ot data plots indicate that the assumed relationship accurately deseribes the measured data I il

~d



Table 2
Measurements of Half-Life of 109vb

Ny of True Time/  Meas. Measured Predicted  Reduced
Spectra Spectrum Period Half-life RSD  Chi-Square
(s) (HL Fragy= (d) (%)

500 600 0.110 3175 0.38 0.92
500 500 0.110 31.96 0.35 091
500 SO0 0.093 3198 0.37 0.99
500 500 0.093 31.77 0.37 1.12
162 500 0.086 31.76 0.42 1.00
500 200 0.110 31.89 0.32 0.99
416 609 0.092 32.04 0.44 1.01
Unweighted Av and Saraple RSD(%)  31.88 0.37
Sample RSD(%) of Av 0.14
Weighted Av and Predicted RSD(%) 31.8% 0.14

*HL Frac means half-life fraction.

cases very nearly the expected frictions of points are within one, two, and three predicted
standard deviatons of the fitted line. There 13 no obvious evidence in Table 2 or the data plots to
indicate significant bias in the final value of the 169Yb half-life of 31.88 d with an estimated RSD
of 0.14% . However, because this value differs from that recently published in NCRP Report
No. 58 by about 0.5% [3], another measurement using somewhat longer acquisition periods 1+
plinned in the near future.

In closing, we give two examples (from the sixth data set) of how Eq. (5) can estimate the
expected precision trom a Jdata set. For that set of data, (T/A0 ~ 9.1, and F(SOO) = 0.0446,
The values or utR) ranged from 0. 1562% 10 0.1601% with an average of 0.158%. Using these
valuesin Eq.(5), we get atD) ~ (5u9. 110.045)0.158%) ~ 0.32%, which agrees with the value
aenerated from the weighted least-squares titting of the data. Finally, it is interesting to predict
the precision of the measured half-life if the measurement had occupied about one-half of the

halt-life (SO0 counts of 3 (00 s each rather than 500 counts of 600 s). We would th:n have
T = S 20 0455001648 ~ 0.03%  about a factor of 10 better.
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